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Abstract 



A method for producing a semiconductor device, polishing method, and polishing apparatus, suppressing 
occurrence of dishing and erosion in a flattening process by polishing of a metal film for constituting an 
interconnection of a semiconductor device having a multilayer interconnection structure. The production 
method includes the steps of: forming a passivation film exhibiting an action of inhibiting an electrolytic 
reaction of a metal at the surface of the metal film; selectively removing the passivation film on a projecting 
portion so as to expose the projecting portion of the metal film at the surface; removing the exposed 
projecting portion of the metal film by electrolytic polishing so as to flatten unevenness of the surface of the 
metal film; and removing the metal film present on an insulation film from the metal film with the flattened 
surface by electrolytic composite polishing combining electrolytic polishing and mechanical polishing so as 
to form an interconnection. 
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Description 

BACKGROUND OF THE INVENTION 
[0002] 1. Field of the Invention 

[0003] The present invention relates to a polishing apparatus and a polishing method for flattening an 
uneven surface accompanying for example a multilayer interconnection structure of a semiconductor 
device and a method for producing a semiconductor device having a multilayer interconnection structure. 
[0004] 2. Description of the Related Art 

[0005] Along with the increase in integration and reduction of size of semiconductor devices, progress has 
been made in miniaturization of interconnections, reduction of interconnection pitch, and superposition of 
interconnections. The importance of the multilayer interconnection technology in the manufacturing process 
of semiconductor devices is therefore rising. 

[0006] On the other hand, conventionally aluminum (Al) has been frequently used as an interconnection 
material of a semiconductor device having a multilayer interconnection structure, but in order to suppress 
the propagation delay of signals in the recent 0.25 [mu]m design rule, there is active development of an 
interconnection process replacing the aluminum (Al) of the interconnection material by copper (Cu). When 
using Cu for interconnections, there is the merit that both a low resistance and a high electromigration 
tolerance can be obtained. 

[0007] In a process using this Cu for interconnections, for example, an interconnection process referred to 
as the damascene process for burying a metal in a groove-like interconnection pattern formed in an 
interlayer insulation film in advance, removing excess metal film by a chemical mechanical polishing (CMP) 
process, and thereby forming the interconnections has become influential. The damascene process has 
the characteristics that etching of the interconnections becomes unnecessary and also a further upper 
interlayer insulation film becomes flat by itself, so the manufacturing steps can be simplified. 
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[0022] An object of the present invention is to provide a polishing apparatus and a polishing method and a 
method for producing a semiconductor device capable of easily flattening an initial unevenness when 
flattening a metal film such as an interconnection of a semiconductor device having a multilayer 
interconnection structure by polishing and excellent in efficiency of removal of the excess metal film and 
capable of suppressing occurrence of excessive removal of the metal film such as dishing and erosion. 
[0023] To attain the above object, a polishing apparatus of the present invention is provided with a 
polishing tool having a polishing surface and having conductivity, a polishing tool rotating and holding 
means for rotating the polishing tool about a predetermined axis of rotation and holding the same, a 
rotating and holding means for holding a polishing object and rotating the same about a predetermined axis 
of rotation, a movement and positioning means for moving and positioning the polishing tool to a target 
position in a direction facing the polishing object, a relative moving means for making the polished surface 
of the polishing object and the polishing surface of the polishing tool relatively move along a predetermined 
plane, an electrolyte feeding means for feeding an electrolyte onto the polished surface of the polishing 
object, and an electrolytic current supplying means for supplying an electrolytic current flowing through the 
polishing tool through the electrolyte from the polished surface by using the polished surface of the 
polishing object as an anode and the polishing tool as a cathode. 

[0024] Further, the polishing apparatus of the present invention is a polishing apparatus which is provided 
with a polishing tool having a polishing surface which contacts the entire surface of the polished surface of 
the polishing object while rotating and which brings the polishing object into contact with the polished 
surface while rotating it so as to flatten and polish the same, wherein the apparatus further has an 
electrolyte feeding means for feeding an electrolyte onto the polishing surface, is provided with an anode 
electrode and a cathode electrode capable of supplying electric power to the polished surface of the 
polishing object in the polishing surface, and flattens and polishes the polished surface of the polishing 
object by electrolytic composite polishing which combines electrolytic polishing by the electrolyte and 
mechanical polishing by the polishing surface. 

[0025] The polishing method of the present invention comprises pushing the polishing surface of a 
conductive polishing tool and the surface of the polishing object with a metal film formed on at least the 
surface or an inner layer against each other while interposing the electrolyte therebetween, supplying the 
electrolytic current flowing from the surface of the polishing object to the polishing tool through the 
electrolyte by using the polishing tool as a cathode and the surface of the polishing object as an anode, 
making the polishing tool and the polishing object move relatively along a predetermined plane while 
rotating the two, and flattening the metal film formed on the polishing object by electrolytic composite 
polishing combining electrolytic polishing by the electrolyte and mechanical polishing by the polishing 
surface. 

[0026] Further, a polishing method of the present invention comprises a step of forming a passivation film 
exhibiting a function of preventing an electrolytic reaction of the metal film at the surface of the metal film 
formed on the polishing object; a step of pushing the polishing surface of a conductive polishing tool and a 
metal film against each together while interposing an electrolyte between the polishing surface and the 
metal film, and then applying a predetermined voltage between the polishing tool and the metal film; a step 
of making the polishing surface of the polishing tool and the metal film of the polishing object move 
relatively along a predetermined plane and selectively removing a passivation film on a projecting portion 
projected from the polishing surface of the polishing tool in the metal film by mechanical polishing by the 
polishing tool; and a step of removing a projecting portion of the metal film exposed at the surface due to 
the removal of the passivation film by the electrolytic polishing function by the electrolyte and flattening the 
metal film. 

[0027] A method for producing a semiconductor device of the present invention comprises a step of 
forming an interconnection use groove for forming an interconnection in an insulation film formed on a 
substrate, a step of stacking a metal film on the insulation film so as to bury the interconnection use 
groove, a step of forming a passivation film exhibiting a function of preventing the electrolytic reaction of 
the metal film at the surface of the metal film stacked on the insulation film, a step of selectively removing 
the passivation film on a projecting portion existing at the surface of the metal film generated by the burying 
of the interconnection use groove in the passivation film formed on the metal film by mechanical polishing 
and thereby exposing the projecting portion of the related metal at the surface, and a step of removing the 
projecting portion of the exposed metal film by electrolytic polishing and flattening the unevenness of the 
surface of the metal film generated due to the burying of the interconnection use groove. 
[0028] Further, the method for producing the semiconductor device of the present invention further 
comprises a step of removing the excess metal film existing on the insulation film of the metal film with the 
surface flattened by electrolytic composite polishing combining electrolytic polishing and mechanical 
polishing to thereby form the interconnection. 

[0029] In the method of production of the semiconductor device of the present invention, by forming a 
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[0067] FIG. 35 is a sectional view of an interconnection forming process continued from FIG. 34; 
[0068] FIG. 36 is a sectional view of an interconnection forming process continued from FIG. 35; 
[0069] FIG. 37 is a sectional view of an interconnection forming process continued from FIG. 36; 
[0070] FIG. 38 is a sectional view for explaining dishing occurring in polishing of a metal film by the CMP 
process; 

[0071] FIG. 39 is a sectional view for explaining erosion occurring in polishing of a metal film by the CMP 
process; 

[0072] FIG. 40 is a sectional view for explaining a recess occurring in polishing of a metal film by the CMP 
process; and 

[0073] FIG. 41 is a sectional view for explaining a scratch SC and chemical damage CD occurring in 
polishing of a metal film by the CMP process. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0074] Below, an explanation will be made of preferred embodiments of the present invention by referring 
to the drawings. 

Configuration of Polishing Apparatus 

[0075] FIG. 1 is a view of a configuration of a polishing apparatus according to an embodiment of the 
present invention. FIG. 2 is an enlarged view of a principal portion of a polishing head of the polishing 
apparatus shown in FIG. 1. 

[0076] A polishing apparatus 1 shown in FIG. 1 is provided with a polishing head 2, an electrolytic power 
supply 61 , a controller 55 having a function of controlling the entire polishing apparatus 1 , a slurry feeder 
71, and an electrolyte feeder 81. Note that, although not illustrated, the polishing apparatus 1 is installed in 
a clean room, and a loading/unloading port for loading and unloading a wafer cassette storing wafers as 
the polishing objects in or out of the clean room is provided in the clean room. Further, a wafer conveyance 
robot for transferring the wafer between the wafer cassette loaded in the clean room through this 
loading/unloading port and the polishing apparatus 1 is arranged between the loading/unloading port and 
the polishing apparatus 1. 

[0077] The polishing head 2 is provided with a polishing tool holder 1 1 for holding and rotating the polishing 
tool 3 and holding the polishing tool 3, a Z-axis positioning mechanism31 for positioning the polishing tool 
holder 1 1 to the target position in the Z-axial direction, and an X-axis movement mechanism 41 for holding 
and rotating a wafer W as the polishing object and moving it in the X-axial direction. 
[0078] Note that the polishing tool holder 1 1 corresponds to a concrete example of the polishing tool 
rotating and holding means of the present invention, the X-axis movement mechanism 41 corresponds to a 
concrete example of the rotating and holding means and the relative moving means of the present 
invention, and the Z-axis positioning mechanism 31 corresponds to a concrete example of the movement 
and positioning means of the present invention. 

[0079] The Z-axis positioning mechanism 31 has a Z-axis servo motor 18 fixed to a not illustrated column, 
a Z-axis slider 16 which is connected to a holder 12 and a main shaft motor 13 and formed with a screw 
portion screwed into a ball screw shaft 18a connected to the Z-axis servo motor 18, and a guide rail 17 
arranged in a not illustrated column for holding the Z-axis slider 16 so that it can freely move in the Z-axial 
direction. 

[0080] The Z-axis servo motor 18 is supplied with a drive current from a Z-axis driver 52 connected to the 
Z-axis servo motor 18 and driven to rotate. The ball screw shaft 18a is provided along the Z-axial direction. 
One end is connected to the Z-axis servo motor 18, while the other end rotatably held by the holding 
member provided in the not illustrated column. 

[0081] Due to this, the Z-axis positioning mechanism 31 moves and positions the polishing tool 3 held at 
the polishing tool holder 1 1 to any position in the Z-axial direction by the drive of the Z-axis servo motor 18. 
The positioning precision of the Z-axis positioning mechanism 31 is set at for example about a resolution of 
about 0.1 [mu]m. 

[0082] The X-axis movement mechanism 41 has a wafer table 42 for chucking the wafer W, a holder 45 for 
rotatably holding the wafer table 42, a drive motor 44 for supplying a drive force for rotating the wafer table 
42, a belt 46 for connecting the drive motor 44 and the rotation shaft of the holder 45, a polishing pan 47 
provided in the holder 45, an X-axis slider 48 at which the drive motor 44 and the holder 45 are disposed, 
an X-axis servo motor 49 mounted on a not illustrated base, a ball screw shaft 49a connected to the X-axis 
servo motor 49, and a moveable member 49b connected to the X-axis slider 48 and with a screw portion 
screwed into the ball screw shaft 49a formed therein. 

[0083] The wafer table 42 holds the wafer W by for example a vacuum suction means. 
[0084] The polishing pan 47 is provided for collecting the used electrolyte and a slurry or other liquid. 
[0085] The drive motor 44 is driven by supply of the drive current from a table driver 53. By controlling this 
drive current, the wafer table 42 can be rotated at a predetermined rotation speed. 
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A plurality of grooves 23b are formed radially extending in a radial direction of the electrode plate 23 
around this opening 23a. 

[0108] Further, as shown in FIG. 3B, the opening 23a of the electrode plate 23 has the lower end of the 
conductive shaft 20 fitted and fixed to it. 

[0109] By employing such a configuration, the slurry and the electrolyte fed through a feed nozzle 20a 
formed at the center of the conductive shaft 20 are diffused through the grooves 23b over the entire 
surface of the scrub member 24. Namely, when the slurry and the electrolyte are fed to the upper surface 
of the scrub member 24 through the feed nozzle 20a formed at the center of the conductive shaft 20 during 
rotation of the electrode plate 23, conductive shaft 20, scrub member 24, and the insulation member 4, the 
slurry and the electrolyte spread to the entire upper surface of the scrub member 24. 
[0110] Note that the scrub member 24 and the feed nozzle 20a of the conductive shaft 20 correspond to a 
concrete example of the polishing agent feeding means and the electrolyte feeding means of the present 
invention. Further, the electrode plate 23, conductive shaft 20, and the rotary joint 15 correspond to a 
concrete example of the power supplying means of the present invention. 

[01 1 1] The scrub member 24 adhered to the bottom surface of the electrode plate 23 is formed by a 
material capable of absorbing the electrolyte and the slurry and passing them from the upper surface to the 
lower surface. Further, this scrub member 24 forms a surface for scrubbing the wafer W by the contact of 
the surface facing the wafer W to the wafer W and is formed by for example a soft brush-like material, 
sponge-like material, or a porous material so as not to cause a scratch etc. in the surface of the wafer W. 
Forexample, there can be mentioned a porous body made of a resin such as a urethane resin, a melamine 
resin, an epoxy resin, or polyvinyl acetal (PVA). 

[0112] The insulation plate 22 is formed by an insulation material such as a ceramic. This insulation plate 
22 is connected to the main shaft 12a of the holder 12 by a plurality of rod-like connecting members 26. 
The connecting members 26 are arranged at equal intervals from the center axis of the insulation plate 22 
at predetermined radial positions and held moveably with respect to the main shaft 12a of the holder 12. 
For this reason, the insulation plate 22 can move in the axial direction of the main shaft 12a. Further, the 
insulation plate 22 and the main shaft 12a are connected by a resilient member 25 made of for example a 
coil spring corresponding to each connecting member 26. 

[01 13] By employing a configuration in which the insulation plate 22 is made moveable with respect to the 
main shaft 12a of the holder 12 and in which the insulation plate 22 and the main shaft 12a are connected 
by the resilient member 25, when feeding high pressure air to the cylinder device 14 and moving the piston 
rod 14b downward in the direction indicated by the arrow A2, the pressing member 21 pushes the 
insulation plate 22 downward against a recovery force of the resilient member 25, and the scrub member 
25 moves downward together with this. When stopping the feed of the high pressure air to the cylinder 
device 14, the insulation plate 22 rises due to the recovery force of the resilient member 25 and the scrub 
member 24 rises together with this. 

[01 14] The polishing tool 3 is tightly fixed to an annular lower end surface 4b of the flange member 4. This 
polishing tool 3 is formed in the shape of a wheel and provided with an annular polishing surface 3a at its 
lower end surface. The polishing tool 3 has conductivity and is preferably formed by a relatively soft 
material. For example, it can be formed by a porous body made of carbon with a binder matrix (binding 
agent) itself which has conductivity or a resin such as a melamine resin, epoxy resin, or polyvinyl acetal 
(PVA) containing a conductive material such as sintered copper or a metal compound. 
[01 15] The polishing tool 3 is directly connected to the flange member 4 having conductivity and supplied 
with power from the conductive brush 27 contacting the flange member 4. 

[01 16] Namely, the conductive member 28 provided at the main shaft motor 13 and the side surface of the 
holder 12 is electrically connected to the minus pole of the electrolytic power supply 61, while the 
conductive brush 27 provided in the conductive member 28 is in contact with the upper end surface 4c of 
the flange member 4. Due to this, the polishing tool 3 is electrically connected to the electrolytic power 
supply 61 via the conductive member 28, conductive brush 27, and the flange member 4. 
[0117] In the polishing tool 3, for example, as shown in FIG. 4, the polishing surface 3a is inclined with 
respect to the center axis with a minute angle. Further, the main shaft 12a of the holding member 12 is 
inclined with respect to the main surface of the wafer W in the same way as the inclination of the polishing 
surface 3a. For example, by adjusting an attachment posture of the holding member 12 to the Z-axis slider 
16, minute inclination of the main shaft 12a can be created. 

[01 18] In this way, by making the center axis of the polishing tool 3 incline with respect to the main surface 
of the wafer W with a minute angle, when pushing the polishing surface 3aof the polishing tool 3 against 
the wafer W with a predetermined polishing pressure F, an effective action region S of the polishing surface 
3a with respect to the wafer W becomes a straight line like region extending in the radial direction of the 
polishing tool 3 as shown in FIG. 4. For this reason, when moving the wafer W in the X-axial direction with 
respect to the polishing tool 3 to make it descend for the polishing, the area of the effective action region S 
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signal 62s or the electric resistance value signal 63s. 

[0133] A control panel 56 connected to the controller 55 is used for inputting a variety of data by an 
operator or displaying the monitored current value signal 62s and electric resistance value signal 63s. 
[0134] Next, an explanation will be made of the polishing operation by the polishing apparatus 1 by taking 
as the example a case where the metal film formed on the surface of the wafer W is polished. Note that an 
explanation will be made of a case where a metal film made of for example copper is formed on the surface 
of the wafer W. 

[0135] First, the wafer W is chucked on the wafer table 45, and the wafer table 45 is driven to make the 
wafer W rotate at a predetermined rotation speed. 

[0136] Further, the wafer table 45 is moved in the X-axial direction, the polishing tool 3 attached to the 
flange portion 4 is positioned at a predetermined position above the wafer W, and the polishing tool 3 is 
rotated at the predetermined rotation speed. When the polishing tool 3 is rotated, the insulation plate 22, 
electrode plate 23, and scrub member 24 connected to the flange portion 4 are driven to rotate. Further, 
the pressing member 21 pressing against the scrub member 24, piston rod 14b, piston 14a, and the 
conductive shaft 20 simultaneously rotate. 

[0137] From this state, when the slurry SL and the electrolyte EL are fed to the feed nozzle 20a in the 
conductive shaft 20 from the slurry feeder 71 and the electrolyte feeder 81 , the slurry SL and the electrolyte 
EL are fed from the entire surface of the scrub member 24. 

[0138] The polishing tool 3 is made to move downward in the Z-axial direction and the polishing surface 3a 
of the polishing tool 3 is brought into contact to the surface of the wafer W and pressed by a predetermined 
polishing pressure. 

[0139] Further, the electrolytic power supply 61 is activated, a minus potential is applied to the polishing 
tool 3 through the conductive brush 27, and a plus potential is applied to the scrub member 24 through the 
rotary joint 15. 

[0140] Further, high pressure air is fed to the cylinder device 14 to move the piston rod 14b downward in 
the direction indicated by the arrow A2 of FIG. 1 , and the bottom surface of the scrub member 24 is moved 
up to the position to be brought into contact or proximity ,with the wafer W. 

[0141] The wafer table 45 is moved in the X-axial direction with a predetermined speed pattern from this 
state, whereby the entire surface of the wafer W is uniformly polished. 

[0142] Here, FIG. 6 is a schematic view of a state where the polishing tool 3 is made to move downward in 
the Z-axial direction in the polishing apparatus 1 to be brought into contact with the surface of the wafer W, 
FIG. 7 is an enlarged view of the area in a circle C of FIG. 6, and FIG. 8 is an enlarged view of the area in a 
circle D of FIG. 7. 

[0143] As shown in FIG. 7, the scrub member 24 carries current as the anode to the metal film MT formed 
on the wafer W via the electrolyte EL fed onto the wafer W or by direct contact. Further, the polishing tool 3 
carries current as the cathode to the metal film MT formed on the wafer W via the electrolyte EL fed onto 
the wafer W or by direct contact. Note that, as shown in FIG. 7, there is a gap [delta]b between the metal 
film MT and the scrub member 24. Further, as shown in FIG. 8, there is a gap [deltajw between the metal 
film MT and the polishing surface 3a of the polishing tool 3. 

[0144] As shown in FIG. 7, the insulation plate 4 is interposed between the polishing tool 3 and the scrub 
member 24 (electrode plate 23), but the resistance R0 of the insulation plate 4 is very large. Accordingly, 
the current iO flowing from the scrub member 24 via the insulation plate 4 to the polishing tool 3 is 
substantially zero. No current flows to the polishing tool 3 from the scrub member 24 via the insulation plate 
4. 

[0145] For this reason, the current flowing from the scrub member 24 to the polishing tool 3 is branched 
into a current ii which directly flows through a resistance R1 in the electrolyte EL to the polishing tool 3 and 
a current i2 which flows from an interior of the electrolyte EL through the metal film MT made of copper 
formed on the surface of the wafer W to the electrolyte EL again and to the polishing tool 3. 
[0146] When the current i2 flows in the surface of the metal film MT, the copper comprising the metal film 
MT is ionized by the electrolytic action of the electrolyte EL and eluted into the electrolyte EL. 
[0147] Here, the resistance R1 in the electrolyte EL becomes extremely large in proportion to a distance d 
between the scrub member 24 as the anode and the polishing tool 3 as the cathode. For this reason, by 
making the inter-electrode distance d sufficiently larger than the gap [delta]b and the gap [delta]w, the 
current i1 which directly flows through the resistance R1 in the electrolyte EL to the polishing tool 3 
becomes very small, the current i2 becomes large, and almost all of the electrolytic current passes through 
the surface of the metal film MT. For this reason, the electrolytic elution of the copper comprising the metal 
film MT can be efficiently carried out. 

[0148] Further, the magnitude of the current i2 changes according to the size of the gap [deltajb and the 
gap [delta]w, therefore, as mentioned above, by adjusting the size of the gap [delta]b and the gap [delta]w 
by controlling the position of the polishing tool 3 in the Z-axial direction by the controller 55, the current i2 
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[0151] Further, the polishing apparatus 1 having '^ a °°^^? h | U .™ i8hing fool 3 and the slurry SL in 
'mechanical polishing function of the usua CMP ^^^^biSES , he wafer W by the combined 

bsCSiSre^ 

film with a much higher efficiency in A c ° m P a ^ the metal film can be obtained, 

polishing or mechanical pohsh.ng^ A high . pol ^S^?S£ polishlno tool 3 with respect to the 
therefore it becomes possible to <eep «J , 1 ^SSSSoiS chemical mechanical polishing or 
wafer W low in comparison with a polishing apparatus u&iny . Clinnrp e se d 

meSXolishing and the "^^^li'S^ fhe'Eotllc composite pdishing 
[0154] Below, the explanation will be ^^^^XS«t by taking as an example the 

rsemSnducto, device o, ^^™^^Z>^ to a method * producing the 

r^senTembodlmen. will be ^^^^^Z^1^'^^'^» 

rsr No,e ,ha,,he dep,h onhe ,n on 

use grooves 104 is for example about 800 nrn. h inter . laye r insulation 

[0158] Next, as shown in ^'^^^^ Tse ^grooves 104. This barrier film 105 is 
film 102 and in the contact holes 103 and ^^f^^^ of % r examp ,e about 15 nm by a physical 
formed by a material such as Ta, Ti, ™J*^*^%£Lm vapor deposition device, or the like, 
vapor deposition (PVD) 9^^^^ £ ^diffusion of the material comprising the 
The barrier film 105 is provided in ^£ prewm me omu ^ |he inter . |ayer 

interconnections in the inter-layer insu tabon fl '"^JS to copper and the inter-layer insulation 
insulation film 102. Particularly when the ™J ^efficient to the silicon oxide film and can 
film 102 is a silicon oxide film, the <W^^£$£ SSSto a process PR1 shown in FIG. 9. 
be easily oxidized, so this is 'prevented J^^^^Sta, the same as the material for forming 
[0159] Next, as shown in FIG. 13, a seed filrr 106 1 made of abater a ^ ^ ^ 

he interconnections, for example, copper is formed on the bnff mm n ^ ^ as [q 

pr 0 !e« 

STeoTSa as shown in FIG. ^^ZZ^ 

hickness of for example about 2000 nm M J^g^E plating process or an electrons 
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like. Note that the seed film 106 is integrally formed with the metal film107 (process PR3). 

[0161] Here, FIG. 15 is an enlarged view of the cross-section of the semiconductor device in the middle of 

the manufacturing process in which the metal film 107 is formed on the barrier film 105. 

[0162] As shown in FIG. 15 ( due to the burying of the contact holes 103 and the interconnection use 

grooves 104, unevenness having a height of for example about 600 nm is caused on the surface of the 

metal film 107. 

[0163] The above process is carried out by a process similar to the related art, but in the polishing method 
of the present invention, the excess metal film 107 and barrier film 105 present on the inter-layer insulation 
film 102 is removed not by chemical mechanical polishing, but by electrolytic composite polishing of the 
polishing apparatus 1. 

[0164] Further, with the polishing method of the present invention, before the process by the electrolytic 
composite polishing, as shown in FIG. 16, a passivation film 108 is formed on the surface of the metal film 
107 (process PR4). 

[0165] This passivation film 108 is a film made of a material exhibiting an action preventing the electrolytic 
reaction of the metal (copper) comprising the metal film 107. 

[0166] The method for forming the passivation film 108 forms an oxide film by coating an oxidizing agent on 
the surface of for example the metal film 107. When the metal comprising the metal film 107 is copper, the 
copper oxide (CuO) becomes the passivation film 108. 

[0167] Further, as another method, it is also possible to form the passivation film 108 by forming any of for 

example a water repelling film, an oil film, an antioxidation filmra film made of a surfactant, a film made of a 

chelating agent, and a film made of a silane coupling agent on the surface of the metal film 107. 

[01 68] The type of the passivation film 1 08 is not particularly limited, but use is made of one having a high 

electric resistance with respect to the metal film 107, a relatively low mechanical strength, and a brittle 

nature. 

[0169] Next, in the polishing method of the present invention, only the passivation film 108 formed on the 
projecting portions of the metal film 107 is selectively removed (process PR5). 

[0170] The passivation film 108 is selectively removed by the polishing apparatus 1 . Note that, as the slurry 
SL to be used, use is made of a slurry having a high polishing rate with respect to copper. For example, 
use is made of one comprised of an aqueous solution based on for example hydrogen peroxide, iron 
nitrate, or the potassium iodate to which an alumina-, silica-, or manganese-based polishing abrasive is 
added. 

[0171] First, the wafer W is chucked to the wafer table 42 of the polishing apparatus 1, the polishing tool 3 
and the scrub member 24 rotating while feeding the electrolyte! EL and the slurry SL onto the wafer W are 
made to move downward in the Z-axial direction to bring them into contact or proximity with the wafer W, 
and the wafer W is made to move in the X-axial direction with a predetermined speed pattern to thereby 
perform the polishing. 

[0172] Further, a DC pulse voltage is applied between the polishing tool 3 and the electrode plate 23 by 
using the polishing tool 3 as the minus electrode and the electrode plate 23 as the plus electrode. 
[0173] Note that it is also possible to feed only slurry SL onto the wafer W by imparting the function of the 
electrolyte EL to the aqueous solution forming the base of the slurry SL. 

[0174] Here, FIG. 17 is a conceptual view of the polishing process near the scrub member 24 in the above 

state, and FIG. 18 is a conceptual view of the polishing process near the polishing tool 3. 

[0175] As shown in FIG. 17, near the scrub member 24, the slurry SL and the electrolyte EL are fed from 

the groove portions 23b of the rotating electrode plate 23. The slurry SL and the electrolyte EL pass 

through the scrub member 24 and are fed onto the wafer W from the entire surface of the scrub member 

24. 

[0176] The passivation film 108 formed on the metal film 107 is not affected by the electrolytic action by the 
electrolyte EL, therefore the elution of the copper comprising the metal film 107 into the electrolyte EL is 
suppressed. For this reason, almost no current flows in the metal film 107. The current value monitored by 
the ammeter 62 is low and stable as it is. 

[0177] FIG. 25 is a graph of an example of the current value monitored by the ammeter 62 in the 
electrolytic composite polishing process of the present embodiment. The above state is exhibited near the 
start position of the current value shown in FIG. 25. 

[0178] Due to the rotation of the scrub member 24, due to the mechanical removal action or the mechanical 
removal action of the polishing abrasive PT comprised of for example aluminum oxide contained in the 
slurry SL, high portions of the passivation film 108, that is, the passivation film 108 on the projecting 
portions of the metal film 107, are mechanically removed. 

[0179] On the other hand, as shown in FIG. 18, near the polishing tool 3, the passivation film 108 present 
at the metal film 107 is removed from the higher portions by the mechanical removal action of the polishing 
tool 3 or the mechanical removal action of the polishing abrasive PT. 
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SSSSsSs 1 

forming the projecting f^^^^S^ as shown in F 1(3. 18, the copper comprising the metal 
[0182] In the action of the electrolyte EL at this time, as sh0 * n ' n r ^ d mat ■ the projecting portions of 
film 107 at the portions from wh.ch the pessnjatan film 108 k removed, mat P ^ ^ tQ 
the metal film 107, is eluted into the electrolyte ^ as ^ WJ^SoJ e- pass through the electrolyte EL 

23 - sho - in f,g - 17 and become 

and the current density is increased « wmparaon- ^^^JJ^, of the material is accelerated, 
concentrated electrolytic action, ""^^".J^ |? ^en the potential difference between the 
[0184] Further, since current is earned via he ^^^^^Sm*. the shorter the inter- 
metal film 107 as the anode and the polishing tool 3as»JBO^o« s co , ^ rf ^ 
electrode distance, that is, the lower the ^^J^^^SkSSL inter-electrode distance due 
flowing between the electrodes. For this ^^d?." 8 ^ portions among the projecting portions 

" — ^ 3 ^ h,9her 

efficiency in comparison with mechanics I Jl^np- _ f hj n the selective electrolytic composite 

-F^Sr 5 surface °' copper where *" 

portions of the metal film 107 are removed ^J*^}™^ combining mechanical removal carried 
the newly created surface ^ ^^^^^^J^Z ^1^,1 action, the copper 

sTS»^ - " in proportl ° n to me area 

KpV^^^ 

unevenness of the surface of the metal film J 0 ?- , embodlrnen t is polishing in which the 

[0190] In this way, the electrolyte composite f^^^^^. Kn be carried out by a tow 
'pouting, rate is electrically and 'l^^'^^^SSXg- ™» is very advantageous 
K^SS^^ step deferences, and the reduction of 

dishSg an? efotton even in comparison « , simple J"^^^^ This is very advantageous 
[0191] Further, the polishing can be <^^^^^^ZiU insulation film in which 

SmfsTrTih" 

br^oSe^ 

in FIG. 25 is exposed. . f mate rial such as Ta, Ti. TaN. or TiN, 

[0194] When the barrier film 105 is exposed, when use is maae or a m 
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the electrical resistance is larger in comparison with copper, therefore the current value monitored by the 
ammeter 62 starts to be lowered from the point of time indicated by P3 when the exposure of the barrier 
film 1 05 in FIG. 25 is commenced. In this state, a nonuniform amount of copper film of the metal film 1 07 
remains. The polishing is once stopped in this state. 

[0195] For the stoppage of this polishing, as indicated by P4 of FIG. 25, the controller 55 determines that 
the current value has fallen to the predetermined value and stops the polishing operation of the polishing 
apparatus 1 . 

[0196] Next, the barrier film 105 is removed (process PR9). 

[0197] In the process for removing this barrier film 105, not a slurry SL having a high polishing rate with 
respect to the metal film 107 made of copper described above, but a slurry SL having a high polishing rate 
with respect to the barrier film 105 formed by a material such as Ta, TaN, Ti, or TiN, and having a low 
polishing rate with respect to the metal film 107 is used. Namely, use is made of a slurry SL having a 
selectivity of the polishing rate of the barrier film 105 and the metal film 107 as large as possible. 
[0198] Further, from the viewpoint of suppressing the occurrence of dishing and erosion due to over 
polishing etc., the output voltage of the electrolytic power supply 61 is made smaller than that in the above 
process and then the polishing and removal of the barrier film 105 are carried out. Further, preferably also 
the polishing pressure of the polishing tool 3 is made smaller than that in the above process. 
[0199] Further, when the output voltage of the electrolytic power supply 61 is made smaller and the barrier 
film 105 is removed, the inter-layer insulation film 102 is exposed at the surface, therefore the value of the 
electrolytic current becomes small, so the electric resistance is monitored between the scrub member 24 
and the polishing tool 3 by the resistance meter 63 in place of the monitoring of the electrolytic current by 
the ammeter 62. 

[0200] When the barrier film 105 is removed, as shown in FIG. 23, the inter-layer insulation film 102 is 
exposed at the surface (process PR10). 

[0201] When the inter-layer insulation film 102 is exposed, as shown in FIG. 23, there is no metal film 107 
and barrier film 105 at this exposed portion for carrying current to the surface as the anode, therefore the 
carrying of current by the scrub member 24 is shut off, and the electrolytic action at the exposed portion of 
the inter-layer insulation film 102 stops. At this time, the electric resistance value monitored by the 
resistance meter 63 starts to increase. 

[0202] Here, between the portion where the metal film 107 remains and the exposed portion of the barrier 
film 105, similar to the case of easing the step difference of the projecting portions of the metal film 107, 
that is, a concentration of the current density at the portion where the metal film 107 remains occurs by 
using the barrier film 105 as the portion having a high electric resistance in place of the passivation film 
108, and the remaining portion of the metal film 107 is selectively eluted and removed only the mechanical 
action of material removal by the polishing tool 3 and the slurry SL subjectively acts on the portion where 
the electrolytic action stops. 

[0203] In usual chemical mechanical polishing, the polishing rate selectivity of the barrier film 105 and the 
metal film 107 with respect to the inter-layer insulation film 102 is made as large as possible so as to 
ensure a dimensional precision of the top surface of the inter-layer insulation film 102 using that rate 
difference as a safety margin. For this reason,-dishing of the metal film 107 cannot be avoided. 
[0204] Further, if the selectivity is set low, dishing can be reduced to a certain extent, but the dimensional 
precision depends upon the uniformity of distribution of the amount of removal in the wafer plane. 
Therefore there also occurs a case where the removal of the barrier film 105 and the metal film 107 is not 
sufficient. For this reason, in order to prevent the state where the barrier film 105 and the metal film 107 
remain at the top surface of the inter-layer insulation film 102, that is, under polish, over polish of the 
amount of the nonuniformity of the amount of removal in the plane becomes necessary, and degradation of 
erosion due to this over polish cannot be essentially avoided. 

[0205] On the other hand, in the present embodiment, if uniformity inside the plane of the wafer W can be 
secured to a certain extent, the barrier film 105 remaining on the inter-layer insulation film 102 or the 
remaining portion of the metal film 107 are highly efficiently removed since the electrolytic action acts 
thereon. The elution stops from the exposed portion of the inter-layer insulation film 102. For this reason, 
the dimensional precision of the inter-layer insulation film 102 is automatically secured, and the occurrence 
of dishing and erosion is suppressed. 

[0206] As described above, a barrier film 105 formed by a material such as Ta, TaN, Ti, or TiN can be 
completely removed and, at the same time, occurrence of dishing and erosion due to over polish can be 
suppressed. 

[0207] Further, in the removal process of the barrier film 105 mentioned above, by setting an absolute 
current value low and a mechanical load light, the removal speed becomes slower, but if the metal film 107 
made of the copper film of the remaining amount of the portion where the remaining film thickness is 
nonuniform is small, since the barrier film 105 is thin in comparison with the metal film 107, the amount of 
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thus a surface smooth can be obtained mecnan ' cal, y; . . thp resist ance meter 63, the process for 

&$S£ that, before ^ the ^^0,"^ .l^ffiS^ ' S ' 

gftSEKSSEM » ™ec,,ons 109 and contacfc 110 are flnally formed in me 

^"X™^^** <**• in " hk:h ,he «-»™*" 1 09 ^ *» COn,aC,S1 10 
io2»^^^^ 

formed, as shown in FIG. 24 a plus P ulse J°"S'" p ^ ed J^ EX ™ rrert, ° "» *** W and 

present at the surface of the wafer W ooiishinq abrasive PT made of for example 

,0214) in the present emb^me"t before the flush ng a poteh ng a^ ^ ab]||ty inere(ore eve „ 
alumina contained in the slurry SL is cnargeo .P° 5 '"™ " ( fi| 107 de o( co pp er an d 

in a case where the f^^J^^^^^ a ^S^X*« surface of the copper 

S 0°n SS me negatively charged parMes remaining a. the surface of the wafer W can be 

abrasive PT is negatively charged. oxidized, therefore it is necessary to 

[02171 When the interconnection forrmng tnatenal B ^"^' JIS but in the present embodiment, this 
[emove the metal ions or particles "^^^ffi^S and «,en flushing the surface. 

KrTapplies to the case where cerium, oxide s*ca. g = um ^^SStoo^ to the 

ul™can be flattened I much ^ removed by the 

[0220] Further, since the metal n ]™J°7j""?^^ and chemical mechanical polishing, the 

o^e^ 

dishing and erosion can be suPP^jed. semiconductor device according to the present 

[0221] Further, according to the method for Pr 0 ^^.^'^; , rem oved and the barrier film 105 is 
embodiment, at the point of time when the excess film 1 07 ^JJJJJJ^ h |jshj rate with 

r^oS^ 
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erosion can be kept small. 

[0222] Further, according to the method for producing a semiconductor device according to the present 
embodiment, the metal film is highly efficiently polished by the electrolytic composite polishing, therefore 
the polishing pressure of the polishing tool 3 can be made low, so even in a case where for example use is 
made of an organic low dielectric constant film or a porous low dielectric constant insulation film having a 
relatively low mechanical strength as the inter-layer insulation film 102 in order to reduce the dielectric 
constant from the viewpoints of lowering the power consumption and the increasing the speed, the damage 
to these insulation films can be reduced. 

[0223] In the above embodiment, the absolute value of the amount of polishing of the metal film can be 
controlled by the cumulative amount of the electrolytic current and the time by which the polishing tool 3 
passes over the wafer W. 

[0224] In the above embodiment, the explanation was made of the case of the interconnection forming 
process using copper, but the present invention is not limited to this and can be applied to interconnection 
forming processes using various metals, for example, tungsten, aluminum, or silver. 
[0225] Further, in the above embodiment, the explanation was made of the case of the electrolytic 
composite polishing combining chemical mechanical polishing using the slurry SL and electrolytic polishing 
using the electrolyte EL, but the present invention is not limited to this. Namely, in the present invention, it 
is also possible to perform the electrolytic composite polishing by electrolytic polishing of the electrolyte EL 
and mechanical polishing by the polishing surface 3a of the polishing tool 3 without the use of the slurry SL. 
[0226] Further, in the above embodiment, the value of the current flowing between the polishing tool 3 and 
the electrode plate 23 was monitored, and the polishing process until the barrier film 105 was exposed was 
managed based on this value, but it is also possible to manage all polishing processes by the monitored 
current value. 

[0227] Similarly, in the above embodiment, the electric resistance value between the polishing tool 3 and 
the electrode plate 23 was monitored, and only the removal process of the barrier film 105 was managed 
based on this value, but it is also possible to manage all polishing processes by the monitored electric 
resistance value. 
Modification 1 

[0228] FIG. 26 is a schematic view of a polishing apparatus according to a modification of the present 
invention. 

[0229] In the polishing apparatus 1 according to the embodiment mentioned above, current was conducted 
to the surface of the wafer W by the conductive plate 23 provided with the conductive polishing tool and the 
scrub member 24. 

[0230] As shown in FIG. 26, it is also possible to give the wheel-like polishing tool 401 conductivity in the 
same way as the case of the polishing apparatus 1 and to give conductivity to a wafer table 402 for 
chucking and rotating the wafer W. Power is supplied to the polishing tool 401 by a configuration similar to 
that of the embodiments. 

[0231] In this case, in supplying current to the wafer table 402, electrolytic current can be supplied by 
providing a rotary joint 403 below the wafer table 402 and constantly maintaining the flow of current to the 
wafer table 402 rotating by the rotary joint 403. 
Modification 2 

[0232] FIG. 27 is a schematic view of a polishing apparatus according to another modification of the 
present invention. 

[0233] A wafer table 502 for chucking and rotating the wafer W holds the wafer W by a retainer ring 504 
provided on the periphery of the wafer W. 

[0234] Conductivity is imparted to a polishing tool 501, conductivity is imparted to the retainer ring 504, and 
power is supplied to the polishing tool 501 by a configuration similar to that of the embodiments mentioned 
above. 

[0235] Further, the retainer ring 504 is covered up to the barrier layer portion formed on the wafer W and 
supplied with current. Further, the retainer ring 504 is supplied with power through a rotary joint 503 
provided below the wafer table 502. 

[0236] Note that by making the amount of inclination of the polishing tool 3 larger so that a gap more than 
the thickness of the retainer ring 504 can be maintained at the edge portion even if the polishing tool 501 
contacts the wafer W, interference between the polishing tool 501 and the retainer ring 504 can be 
prevented. 
Modification 3 

[0237] FIG. 28 is a schematic view of the configuration of a polishing apparatus according to another 
embodiment of the present invention. 

[0238] The polishing apparatus shown in FIG. 28 is obtained by adding the electrolytic polishing function of 
the present invention to the CMP apparatus of the related art. It flattens the surface of the wafer W by 
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adhered while rotating the wafer W. „, PrtHoc on <> ar P alternately radially arranged on the polishing 

S] Anode electrodes 204 and «f^^^^^SS^2W are" electrically insulated by an 
pad 202. Further, the anode electrodes ^ a ^^^^SSSS» 203 are supplied with the current 

bhep 2 ^ 

SS^^JS^ «ffiSS ceding the e,ctro.yte EL and the 
0241 Further, this polishing apparatus *P™*J^X^ composite polishing combin.ng 

the cathode electrode 203. Q 2g tne copper fi | m 2 10 is eluted by the 

'SZSS^™^™"™^ by .he panics, removal action by .be 

f 0 t^emp^ 

'pofebU pad is not ^.^^^^^^^S^ electrodes 222 are ver.ioa.ly and 
possible .0 employ a polishing pad 221 irr «™*^2 » 3 K airanged in eac h rectangular region 
SSStfXE ^'S^^t^ Z l«l- e 2« and the cathode electrodes 223 

annular anode eleclrodes 242 having radii djfwent ^ , ™^ r °™ r ^ w ,een (he anode electrodes M2. 

are eleCically insu,a.ed by an ,nsu,a.or 

^Summarizing .he effe^^^^^ 

film is polished by the <« n ^^^Z^^S^Il>m. a very highly efficient selective 
with the case of the flattening of he rnstal J J» f fL become possible. , 

can be improved. inv<a ntinn since hiqhly efficient removal of the metal film becomes 

[0250] Further according ^J^^S^^^ <™ P olishin 9 P reSS f and 
possible, a sufficient polishing rate is obtainea , suppressed. 

Occurrence of scratches, dishing, or eroswnmthe polished b obtajned even Wlth a 
(0251] Further, according to the PresenUnventon. since a dje g ctric constant film or porous 

elatively low polishing pressure, mechanical strength is used as the inter-layer 

low dielectric constant insulation paving a jJJJJ^™ vie oint of lowering the power 
insulation film in order to reduce the ^dielectric f ne invention can be easily applied, 

consumption and increasing the s P eed °" n ^ film remaining on the inter-layer 

[0252] Further, according to the P*^"^^X totE electrolytic action and the elution from 
insulation film or the meta = J^™^* stop ping of the polishing can be 

zssssissi ass* rd&zxzss& ««. « be M ** «. 

process. 
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[0254] Further, according to the present invention, since the electric resistance value between the polishing 
tool and the electrode member is monitored, even in the case where film through which almost no current 
flows or current does not flow and the metal film are simultaneously polished, the polishing process can be 
correctly managed. 

[0255] While the invention has been described with reference to specific embodiment chosen for purpose 
of illustration, it should be apparent that numerous modifications could be made thereto by those skilled in 
the art without departing from the basic concept and scope of the invention. 

Data supplied from the esp@cenet database - 12 

Claims 

What is claimed is: 

[0256] 1. A method for producing a semiconductor device, including the steps ofrforming an interconnection 
groove for forming an interconnection in an insulation film formed on a substrate, stacking a metal film on 
said insulation film so as to bury said interconnection groove, forming a passivation film exhibiting a 
function of preventing an electrolytic reaction of the metal film at the surface of the metal film stacked on 
said insulation film, selectively removing the passivation film on a projecting portion existing at the surface 
of said metal film generated by the burying of said interconnection groove in the passivation film formed on 
said metal film by mechanical polishing and thereby exposing the projecting portion of the related metal at 
the surface, and removing the projecting portion of said exposed metal film by electrolytic polishing and 
flattening the unevenness of the surface of said metal film generated due to the burying of said 
interconnection groove. 

[0257] 2. A method for producing a semiconductor device as set forth in claim 1, further including a step of 
removing excess metal film present on the insulation film from the metal film with the flattened surface by 
electrolytic composite polishing combining electrolytic polishing and mechanical polishing so as to form an 
interconnection. 

[0258] 3. A method for producing a semiconductor device as set forth in claim 2, wherein said electrolytic 
composite polishing combines electrolytic polishing and chemical mechanical polishing. 

[0259] 4. A method for producing a semiconductor device as set forth in claim 2, further including the steps 
of:forming a barrier film comprised of a conductive material for preventing diffusion of said metal film to said 
insulation films so as to cover said insulation film and the inside of said groove after forming the 
interconnection groove and removing the excess metal film present on the insulation film by electrolytic 
composite polishing until the barrier film is exposed at its surface after a projecting portion of the exposed 
metal film is flattened, and removing the excess barrier film present on the insulation film by electrolytic 
composite polishing until the insulation film is exposed at its surface. 

[0260] 5. A method for producing a semiconductor device as set forth in claim 4, further including the steps 
of:interposing an electrolyte between the polishing surface of the polishing tool having conductivity and the 
passivation film and supplying a voltage between the metal film and barrier film and the polishing tool using 
the metal film and barrier film as an anode and the polishing tool as a cathode; making the polishing tool 
move relative to the surface of the passivation film to selectively remove the passivation film formed on a 
projecting portion of the metal film; and making the projecting portion of the metal film exposed from the 
selectively removed passivation film elute by the electrolytic action of the electrolyte. 

[0261] 6. A method for producing a semiconductor device as set forth in claim 5, further including the steps 
ofbringing the electrode member supplied with voltage with the polishing tool into contact or proximity with 
said metal film and barrier film to pass a current to said metal film and barrier film, and monitoring the 
current flowing to said polishing tool from said electrode member through said metal film and barrier film 
and managing the progress of polishing of said metal film and barrier film based on the magnitude of the 
value of said current. 

[0262] 7. A method for producing a semiconductor device as set forth in claim 5, further including the steps 
of:bringing the electrode member supplied with voltage with the polishing tool into contact or proximity with 
said metal film and barrier film to pass a current to said metal film and barrier film, and monitoring the 
magnitude of the electrical resistance occurring between said electrode member and said polishing tool 
and managing the progress of polishing of said metal film and barrier film based on the value of the 
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electrical resistance. 

m?fttl 8 A method for producing a semiconductor device as set forth in claim 5, further including a step of 
Sosing rchemica pSng'agent including a polishing abrasive between the pol.sh.ng surface of sa.d 
poXg tool and said passivation film and selectively remov.ng sa.d pass.vat.on film. 

r02641 9 A method for producing a semiconductor device as set forth in claim 5, further including a step of 
emo ing sa? ^excess mSal filrrfand barrier film by ^<^ r ^™^S* ^ ^ h ' 9h 
polishing rates with respect to the materials comprising the metal film and barrier film. 

S3! 9 S™ Z fviltage supplied beLeen the metal fflm and poking tool ,n the step of 

removing the excess metal film. 

rn^RRi 1 1 A method for producing a semiconductor device as set forth in claim 2, whereirvthe step of 
interconnection groove with metal. 

[0267] 12. A method for producing a semiconductor device as set forth in ^^^^^^ 
for the material forming the interconnection, and the interconnects groove and contact hole are buned 
with copper using an electroplating process. 

[0268] 1 3. A method for producing a semiconductor device as set forth in claim 4, wherein any of Ta. Ti, 
TaN, and TiN is used for the material forming the barrier film. 

[0269] 14. A method for producing a semiconductor device as set forth in claim 1 . wherein the passivation 
film comprises an oxide film obtained by oxidizing the surface of the metal film. 

[0270] 15. A method for producing a semiconductor device as set forth in claim 14, wherein said oxide film 
is formed by supplying an oxidizing agent to the surface of said metal film. 

rn?7ll 1 6 A method for producing a semiconductor device as set forth in claim 1 , wherein said passivation 
SSJm forms w^rfSSS metal film a film comprised of a materia, exhibiting an action of preventing 
an electrolytic reaction of a metal comprising the metal film. 

rn?7?i 17 A method for producing a semiconductor device as set forth in claim 16, wherein said 
^S^nS^o^SS^^ of the metal film one of a water-repelling film, oil film, antioxidant film, 
KlS^^tSiclant, a film comprised of a chelating agent, and a film comprised of a s.lane 
coupling agent. 

[0273] 1 8. A method for producing a semiconductor device as set forth in claim 1 , whereir jsaid passivation 
film has a higher electrical resistance and a lower mechanical strength than sa.d metal film. 
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mmb^m^mm2i l zm<^mmm^m. 
-Mm. 

So 

U 

mmmizm^ti^mmm^^ uzmim 
immeimmmxMbvffiX'ig&mtoWzm 



trots* t x ztiztamv- v m\ 
immi o] mzzm'^mm^iMX' 

MIEWSX^fc^KEPJirtsmffij: 0 

^0*»iMi4fctti»k Mmmfe-ti'zm&ztihm 
k i> izmi? *-Mzmzm#>&t*mm 2 

mmi 2 3 «BiaiW)W«tfflK*i. «fc«8U 

i , TaNfcil^T i N<0VvtfhJ&»fcfflV^il*a4lC 

IEiJW¥«f*^S^^**- 



il 5] fflE^Jili^H^^ ,1Sr ^ t ' cm 
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*is-hMfrt>%m. &xv. i/vvti -,rv yym 
im$m 1 8 ] mm^mimtt.. mz£m£ 9 *> . m 

mmmmmi<m®mw t mmmx^mmm t 
mfe<rwniz®~>xm®mzit&mm«frmk . 

[fS*3S2 0] B?fB$?TOgttf^$flfigffi£ffiJtS£t& 
t^ft»W«M*ttlftt*flf«Wflttft¥St S fete* 

[fS#JS2 3] iwlBflfglJUi, *>f-^««SWtt» 

^.sis^S2 1 cianoffiess. 

[fi^«24] BuiBm®B«(i. wmrnmnmncowm 

s. 

[it£JI2 5] buIB*? 7735tt(i. BufBmSliftiatf' 
Bf«BSttSr#tMfc!¥flf«JB*«iRL. *»oiiJSS**i 
k tfX £ h tm*» 6»fiK3 *tT 0 . Biff Bmffi8» 6 

jR»WW3f«iifK:fl9frt4iWSI2 4 CiBttOBNSiS 



m^ixtzmm/mmz^xm^tixii^ . mwm 
•tmm^.umizmcthmmyy^imtxmm^ii 
hmm2 1 izimommw. 

mmitzm&ztuiwim&mtit txm 

%&m%m 3izimm®mw.. 

m^m2 8 ] mmm®nmicr>ffis\®mfrt>mm 

®xmz$itimMmtiim.ztiiiiii-&mti&mmz 

$t>izmt&mtmi 9izam<7)m®$m. 

So 

[«**3 o ] mm.mmmmiammzm^ 

mmmzmm®miz®mv%tfb®MiZvx¥ 

mmmtizw&mmt&mMmm^mG 
u 

mmmizmmmmmmcotmmwizMWiim* 

mmizx -> xmmmmminwmmmiy-mtm® 
-tmmw. 

tulBB<»?StJ:l,«^?5f«i:f?IBl?fefflte«}:U : «irfBSfe 

•cfriBffisfs^ftwMSf^is^Tia-fb^-rsiSsa 
3 1 izMmmmim. 

im*m3 3 ] mm&cDmx&commmk&mmw 

fffiSmx^^HAk LIufBtegf^^O^ffl^Hfii 

mffi®xMkmm&m®m.®ik z&izmmtttf 

[n^3S3 4 ] mmimbWBmmHMkW>fsst 
(nm^m&wmt k uzmmmm-stsittmmm 
mmmMmizxhw»m®kmm®m&t 
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vwmm&ti Mvmmmt m^i^nrnw.^ 

ff)^^^m^xmm^mm t mthn^M3 3 c 
«^<7)^ffl^a«-ri«»*«3 3 Ktimmm-n^ 

[IWWI3 8 ] fflK*ttimtt«B9Wl£fc k fc CHI 

ift&I 3 7 fcffiatf>SH8*i£ . 
lit** 3 9 ] WEWW«Wffli^«iiI*a*Lfcn£ 

«3 7fciS8W>BM*t£. 
fc^*^3Bffl»iHk*lWkfc««Lfttt\ 

[»*3S4 2 ] ittiEefaffikiina^JSMkco^icfiiatt 

[1MB14 3] flICTIUBRtt. 1W2AMR«>»iIi*K 



fl£&MRNI**-4ill#84 1 (cffi»o 

stem 

[iB*ja4 8] «ies(f«WK*4iT.*»faRisatjE(cff 

[0001] 
[0002] 

ftKOfiStttfttfcL'CV**. fife*. ^IKHflt 
fio^lHWWgBwiSKttfik fCT/PS-"^ ( A l ) 
* *ifi*> 0 . 2 5 At mt\s-)Wr<?> 

MZ. BUtmtT^S-^A (Al ) *fcffi (Cu) 

u fcEUfcttflW* k . ffiStiLk Sxw 7 h ^ 
- s/ a vKttfc Wft"C >6kv^^y-fh****. z<7) 

Sftii^ CMP (Chemical Mechanical Polishing: -ft 

^Vi/V (damascene) &b Mftl&t8J&7'V 

v f-y/*opSk* 1 3, SfefcloJIIBIttlHSfce'fk 
Tfflifc^k'flrtO'C. ISSlB^ftfSikv^lWft 

t*t*. s^fc. mfflmmzmmx'%< , 3> 

^^V*-A'«>i»kL'riBJt, S»k3>^^b*-*' 
S^fcASTCa*WitrraTA'^>'>(*ial damasc 
ene)Jg-Cli. § ^t^S^rSKIX^'M^figk'S: 

[0 00 3] JJE<0f aTA'^^VifeCi* 

BB»lfirn-feXO-«t:ov^H3 2-03 7 

=S:*5. g^fikfrCuSrfflv^^ 
tcovvCRW*. H32fcjj«tJ:3fc:, fcki 

y 3 >^)2|s»f(5i&»<!, ! Or4fflE3 0 1±K. fckitf. 
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5/ U 3 >1MU»» <>4:«fllBlteM« 3 0 2 £ , fc 1 1 

if. ^ffiCVD (Chemical Vapour DepositiorO&teJ: 0 
»*t*. Kwe. H3 3fciir$-J:3fc, ffiR3 0 1A 
TOttM£IHBW£M lh?v??Y*-)V3 0 3 it/ 

y«ogen*«$ni»«3 o 4 £&*n<7>:7 * mi 

4. B3 4fcijctJ:'3fc:. A»J-ttg|3 0 5£Jf 

l8tte8K3 0 203aSi>J;tf 3y?? h*-/U3 0 3 . 
iH3 0 4rtt»JSt-*. £<&AfJ-WR3 0 5tt. tztz. 
llTa.Ti, TaN, T i N3W3WBS:4MaK>X'* 
v^ifeteJ: ><y*K3 0 5tt, @Et8£«J£ 

i-itm^waMMMis o 2+fcttiw*<oti»±t* 

3 0 2*»S''j3:dRflatoi3«r*afc:li. Cutt^y 

3 yiwi»^ftflaR*yc* < , wiism* 

[00 04]fcWC\ H3 5(C*t«tafc, ^*y-\H3 
0 5±fc, S'-l«Cu|||3 0 6fc4MaK>X'ty*ffifc:J: 
0 Wje^JRWCJBJfi L . ifcV ve, II 3 6 fcflrf «k 3 fc. 
3^^b*-;l^3 0 3iJj:Vai3 04*Cu"Ca»ji 
tridfc. Cul3 0 7JMfS. CuJS307fi, 
fckitf. CVDg, ^A- 7 ?Sf(;±ot 

&ivt\ H3 7fc*i-j:afc. mmmm3 

0 2±<0£#&C uH3 0 7t$ itfrOJ -\«3 0 5 fcC 
MPftCi^TBfciU Tfflft-t*. £*U=J:->T. E 
®308i3<J:tf3y??h3 09fcAggj£$ftS. ±ia 
Lfc7n-fe*£iM3 0 8±T«9«Uf3£fcfcJ: 

[0005] 

UfcHtfJiftU: 3 i: JJBLfcf 

*»*CuK3 0 7t5«ktXA'U-\'|g3 0 5*CMPftfc: 
ct -aTHJStSiafcfeV^r , «RlttlMlt3 0 2 1 C u 
H3 0 7*^1^+113 0 5 fc4>»*tttl»<R$r*; 

Ett3 0 8tT-< xn-x'gy (v 

y-y^) , y**3?#fg£LW^^ffl&**# 

r-f-y^^ti. H3 8lc^tJ:dt:. fcki 
if. 0. 1 8/zm;P-;l^)Tf ;Pt:tJV^-C, 
fcitf. lOOjume*«J:-3**0MKv**3O8*« 
SPttWtfteJC, 3Ba»w+jll«jWMi|CH*S^ 

2:Stt 3 0 8fl5BriffllWCFfii-*fcA, SlU&fflEftl 

3000// mOKffltC 1 . 0 M m<r)W\0fflM.ff 5 0 
•fe v hO«&rt"^j£$*iT i>3> J: 5 $r/t*->'»*0* 

3 k w&<?Mw&m&thtz#>. e*s& 



«MPFJMM>«Hfc$r*. y**li, H4 0fcjjrf £5 
(C. fflRN&KR3 0 2 fciE*S3 0 8 tV>$mXW&3 0 
8j^<£9Hlfe^STL4 33»Ta9, Z<T>n& 

HHfc&S. SfeC jfeiMrCuR3 0 7iJj:tf;'?!H» 
K3 0 5*CMPifefcJ:->TI!i*'t6aS-Ctt. Cul 
3 0 7i>J:lPN*y-fSt3 0 5£$$&w=i&£-rs&g# 

fc*{f. 500nm/mi nJa±k!fir*J:5(CBai3*l 
H4 lfciiH-idfc, EIB«iBfc:^^9yf'S 

[0006] ±ELfcraiifc«»r*8*ife 

[0007] 

mw&itiwimmmt. mmmnmnmm 
m±izmmzm?&wmm*m. mm® 

i. 

[0008] ttz. *mmimmt* wmntm 

mzi£%tfbmbzvx¥Mm®?mmmx'b'> 
x. i^m±izwmtmtiwmm&st& 
*u mtmmmizmmmttmmmmizm% 

miimizx^xmmmtimmmmzyiB. 



r 
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[0009] *m<»mmmt. mnmrnxm 
mmmnm^mt zmmz-ft&^xwitt 

mmz^xwm®^* mwmttwMB 

[ o o i o i ^m^mmumt. wmmnm 

^xmmmmtm^tmim. meat 
eu* t mmmmt m raur sis 

k. Itrf BWmXA<?)©fOT i: fltjIBStWSM^^^*^ 

fl»£ mmmxMnmwmmtx ^xmmmz-t 
ink, me^DW^isn-c^sit^iu 

£ixmi&mmmfctz>xut **rt& . 

[0011] #fgaj^^tti£»^^ { ^ 

mmmmmzi-ixMRmzmL* zmma 
mmmmzxixmi* immmcomz*- 
gk 

[ o o 1 2 ] ^ im%<r>mmm.9M&nmt. 

[00131 *||BHw¥«^B^SiS^' {i > 

nm^hmmm^xmmmm-th. z*> 



[0014] 

•rati s . a 2 «h i t=*t»w8a«*Bi^ y v& 
•y Pit 2 k , 6ik. i«a i 

71k. *JJHMH&«*8 1 k*«iT^6. 4*}. H 

^Miiatf -y h#SffiA*-hk?5f!§§Stl fcfllBfctt 
[0015] JPX^-/ H»2tt. 0f®Ifl3 tflM*tia 

sfgijifcfcss 1 1 £ z«*[6]^ mmizmm-t 
* zwmmmm 3 1 k . $s«§t*ri»k lt«>* 

«I3S4 1 **K Bf«Ift«Wl 1A<*!S 

S3 1 \tifmmmmm^n.<n-mm^mL 
x\^t. 

[0016] Z«MSdWW>«»» 3 1 ^ 07p L *^ 3 

2fc e fcu f ±«i ; t-^i 3t^sit. zm-**-? 

*«»|ftS*LfcZ«|X9-f* r 16fc 1 Z«|X?>f^l6t 

[0017] zm-x*-* 1 8ii ^ ztt^-^*- 
*nwwt:»->-casttfen. -ffi^'ziw-^-^i 

nfciO. z«fiBK**>Wt»3ili» zlt^-^- 
^ 1 8 J: « Bf«Xftfla«S 1 1 CffftS^ 

6. Ztt{S^ftSt^3 1^a^ > ^ t4 ' 
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If, ttmmo. lumB&tlX^Z. 
[00 18] Xmm)mffi4 l (4, ^x^Wfcf^y 

«B« fcfiBH-Sfitt&SSU 5 k , *x>vr-7>4 2 

4 4 k ftft§SK4 5 cOigiStti: i^mth^ b 

4 6k, &#§gg4 5fc»»t4><lfeJllI^y4 7 k , IB 

®*—?4 4i$z.vu.mm4 5#&mzixtixmxj 
-^4 8k, m^i^m^izm^tit^xm-^ 

-949 k, X|*-9^j|?t-^4 9fc:*«S*lfcjK-A' 
*S"fill4 9ak, XfftX^ ?4 8te3MSS*uK-;l'* 
£^M4 9 a^^**5TOW^3ftfc*J»**f4 9 

bk£#tS. 

[00 19] -)xAf-^4 2ll fcfcitf. 
«#SfcJ:->"Ox^W«r«»t4. HpI/^4 714. 

Wtfcjh.'O**. iBiJ*-:?4 4(4, r-7>K74A 

5 3*&BB*ab6^tto*£fcfcJ:oTK»3*l. 

zcm®m&m\m-hztx'*7*^-zr>v4 2 m 

fevWmX'W&ZithZbtfX'Zh. xffrf-tft- 
* 4 9 (4, XHW--sK^-^ 4 9 tc«R3*irt: XW h' 7 
^^5 4^fl^3^*83MKSfcJ:o-CllBiaHftL, 
XMX54 ^4 8*^-;^^W4 9 a&ZTMmmt 
4 9b^LTXIt6-|ft|fcKIW4. ^<7)fc&. XiW 
4 9 t;:«&-r&IM!«S££ ««M"6 i k tc«t 

-3-c. ^xw\f--7"/k4 2wxiw5ri«itfM«aaB«i*«Hr 

[ 0 0 2 0 ] 02 a, ffi£x&&&» 1 1 <r>fyumm.<n 
-wkmwvhh. mmxMtffisi i(4, sf^xft 
3 k , sfgift 3 7 ?> : J&tt4 k , 7 7 y 

s Jtm4 &w&&&tzmti9wsm. 1 2 k , 

a 1 2 fcfi»Siifc±|» 1 2 a k£ig!$ilif2[±tt 1 2 
a&®(8§tf*±We-*l 3k, ±H=E-^13±fc 

mtivzisv >yg.w 1 4 1 smt & . 

[002 1 3 ±W*-:J>1 3(4, fcfcitf. 

Ml 2a(CjaSS*lT^*. 4fc. ±«tt*-:?l 3(44> 
'«y'J y^gS 1 4*>tr* h>D>y H 1 4 btf#A 
S*i4Jtii?Lfc*l/0**. 1 3(4, ±«F 

4. 

[00223 ftjssss 1 2(4, at *(f , xr^r y y 
eaaEt:fia*LT^*. ##£Ei 2^>±m 2 at* 

freNZis*) yymU 1 4 0)\£X I- y n •/ h* 1 4 b 

[ 0 0 2 3 ] 7 7 y ^**»4 14, £ jCttttft>&£j&3*l 
TfcO , S&iSE 1 2ct)±W 1 2 afcSMSJtfu £8£ 
ggpgP4 a , T«ffi4 b fcBHKLJI 3 #13*3*1 



T^4. 75*5^4^81114 cMifiMSSBl 2 
fcfiH*3*lfc±HI|l 2 afcjl&SflTiiD, ±112a 

«i^fcj:oT75:'5^iW4iEft*-4. 77yvgp 

ff4«lSI4cll 1 3fcJ;tf&ftSISl 

2«Bliiifc:B»t^*ut»Btt^))l*»tf 2 8fcHSSfi 

5 y y»« 4 k Jiwuwfcfais n & . 

[00 24] x'J>^gl4(4, ±tt*-*l 3(7)7- 
-^±(CB€S*IT*J9, exhyi4a£rt*l/C*i 

0, trxhyi4a(4, *ki.(f, ^yy^iHli4rt 
fc^3ftS3»lEfc:J:o , C*WAl*iJ:tfA2*Hvf 

*i^toSWB»$*i*. ,r^^hyi4a(d4, e 
x h yn •/ K 1 4 btfil&SfuCfc *) , brx h yn y h 
1 4 b{4, if**-? 1 3*3<fctffcft§igl 2<94"l>£ 
jI-jT, 7?>'SW4«>H!n«4aj&»4>£*lBTV* 
4 . tx h V o y H 1 4 b 05fe«(C(4, if EgP« 2 1 *» 
^^iiTJo 0 , Z<DWE.m2 1 t4tx h ya >y H l 

i^xm^nx^. ws.m2 1(4, 

fcKB3iifc»ME2 20^0 2 2 a^iSigS^agpr 
Igk^roTJoO, tXhyo7 h* 14 bco^EPA 2 
^«Bfc i o Tttttfi 2 2 ^ffffi-T 4 . 
[ 0 0 2 5 ] S^y >-^B 1 4<0f X h yn >y H 1 4 b 

W*2 0j&»#AS*i. trxhyn-yl«14bfc*fLT@ 

gsn-cvi*. a«W2ot4, iwtttm36»6»jss*i 

TfcO, ±W4^yy^ai4otf^hyi4a& 
Kii l-c v y yygw 1 4 ±fc»»t 6*ut n-^ y v 3 

^M5tTWttil TM4, f^hyp-yh' 

1 4 b fc it^ffESPff 2 1 SrRil LT*fflK 2 3 
^TfcO, ««K23lCie«8*lTk>«. 

[00263 iiswi2 0(4, ^mzwmtmmti 

»^^t$:'>xW^w±(c«^&■fStt*S/X/^i:^^-?■CV^ 

4. tfc. 5i«fft20(4, a-^y^'g-f yhi 5k, 
€fiS«2 3 b &9SmG8&ri1MiJto: LX\^h. 

[0027] imi2 o«jbJWfc»«&*ifco-* y 

^g'f yh 1 5(4, m»€Si6 l<7)7*7^i:m^Wt 

2 03&«EWELT«)iiWI2 0^)i«*»B* , f*. 

SWtt2 0ttEieUTfcn-^ys;a-fyM 5 

[0028] iim«l2 0OTiBSt:«ltS^«Sfi2 
3(4, 4Wffl4>fe«r9, «>xWNWK»|«3*i 
4^®^i 0«r*A«TJIftSS*LTV^. mffiS2 3 
(4, ±Bf||3W|ft»|R2 2t:«M*SilT*J0, mffi«2 3 
^«a»ilfi»IR2 2(cB5^LTtJ l 3, TBHMCliX? 
7 rgPff 2 4 tiT . 

[0029] ZZX\ 03(a) (4Hfii^2 3<0«itW 
-WS*tTiHB]T* 0 , H3 ( b ) (4mfiS«2 3 k , 
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wm.2 3^^mz\tnmmm 3 aarcttMi 

-CJ30 c«)Bin»2 3at+iWC«S«2 3«zmi* 
I it- 03(b){c5^J:3^WHS2 3««P 
* i»J:5ft«*kt*;k^3KM20«+4* 

1523k 31WU2 0,^9^aW2 4i3it«HW 

* X?5^«24fcJ:^ii««l2 0O^/X;l,2 
-HfWI(C«JBU-CV^. WHR2 3. a«W2 

[00301 «@«2 3<0TffifcK»3*ifc*' 
#2414. W»*^ 9y -** RU L£^ii 

StiTV*. £*>**?7lWt2 4tt. 
?57-fi>fflk^-Ci>^ ->i-AW»x?rv 

ASM. fckitf. ** 5 >*";£ 

[00311 ^2 214. fck i« . « 5 
«W>att«tt2 6Wot««Bil 22±«1 2 a 

ra****^*. ass»»26tt. ^220+^ 

mi 2<0±*1 2afc*tfC»«a«K«»^ v ' 
3> i«fc*>, tt«MR2 2ti±*l 2 a«*Kfflfc8» 
WTC**. (B«R2 2i:±«lll2ak«iafc 
It 4KMS*82 6C*«5l^ fckitf* 34**7 

[00321 MMR2 2*«ft§«l 2<0±»1 2 at 
tfl/CSHafcfcU *»2 2 tm 1 2 a k*Ptt 

g 1 4 WffiXT **» h y O y H 1 4 b 

6PA2««*tZT***** - fffi^21*WW» 

25««^«=afe^«w 22 * T * ,i *i;2L 

-ftfcfcfcfc*?7^»»24t,T***. 

IxU 4^©ffi^TOtt^$:fl 5 ±-ri» k . 



■ UMr „2 5<M&ttl£*' ) "C' «|iK2 2li±#U 
[0 0 33im®Xft3{i. 79*S*»J4*>«**>T 

«jfi4bCB»5ft-t^. 

SS *y trr*r*>-* (pva) 

9 ^SW4 (CftMrT *M7*? ^2 7 HWSft 

J 1 3*» itf«««i 2^ 

OV4***k«^fc«K3*" M»H2 8CRtt 

^f>»«7*:^>2 V^«*4<0JJKH4 c 

9. WUWttWW 1 

[00341 BHtlft 3 14. fc k i.(f . 04 J ? 
K M3a(4+*<tt^tTffl/K^S-C«tt 

inuati/caws a««ki«t«»^;; 

H*»*WH-* - k 1 2 a«*M**»* 0 5 
DUrt-ikflW. WW^*** 

k r J: 0 ffi^Xft 3 cOSfSffl 3 a ^ HfgWiBlEE* F 

f.ft%x-AWfcW«X*3 K»t"CX«*«l^« 
(b) C»«t*B. ?WW*ffffl««S»iiMJ4»- 
305WWB3 a^SrHi^C^xWNWWW^ 

[00351 H0SHKI6 1 tt, ^^ D "^m, 3 ni 

^s-cj,i..o^u^ 3 ^M5kfflmy^i 

2k^^EPiO-t«>iktj:o-C. ffl®^k 
- * a 7gSfl 24k OlBKli«ffl3l)W6*^* • w ^ 

f%kitf 
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^ffl-rs. -Mb tfi^mff^Dc 1 5 o v. m 

^tti^m^2~3A, , 2, 5, 10. 

2 0. 5 0/istfHvm*Hc3^tg&i^£$fflL 

%lz£ him.. m&*?>*-T < 9M* XtfME Ltz%& 

"chh. ttis &%mmz)tixftj)%Etfit$mm^ 
wis. ®mmm> i 2'j?%b^xi>itij} 

[0036] mmVM6 1 fcli. *fHS^>«8Bt«B¥R 

«s«iH6 1 izsitizwMmmt-fi-f&tzMzm 
n- 6 3 avrnrnm e i tcsft* wwc*^ ^c. * * - 

AWO«lB*ll* LfcWWl*l3 fc«SiS2 3 fccOOcO 

y y^Lfc«aastt*«^6 3s£3yt>-5 55 

[0 0 3 7]X5y-fl«ffiB«7 1li. *9y-*±E 
<G»Wft2O0>«|fryX/W2OafcttlM-4. X^'J- 

3 vmwtt y •> a***-* t Ltiwtith 

[0038] «ff»tt«HSgI8 1 li. mffi&E L£jDl 
^•yH*l lfcttfftt*. «Sf?8EL{i. iWIMJi-y 

lt. fekitf. ms&b&^tei&immzmxmm 

[00 3 9] 5 Ef®ISB 1 

*JLTIMWt*5 1 8ftaj*fCW»lA3«EIWRt 
MffU Z*H5-f^5 2fc»L,T«»fll#5 2st{lJ 

-7**54*5 3fcttLTMWI*5 3 s£{£;*lLT 

T*Wfl»5 4s*iMjl/C. •yx-AWWXiWffl)*) 



U lm^y|«»2'vu0ttfiSEL^J:^9y-SL 
[0040] 4fc, 3yhn-5 5 5kL «Xmi6 1 

mf»«jS6 2i3itXffi«ft6 3jK>*>«S 

wree 2 s&&wmmmm(> 3 s*»*jj3*i 

l. 35^0-9 5 5ti, d^4,«8iE<ifi^6 2sfcj: 

vmfmmmm6 3 s ks^ut . msmm 1 ^nrfts 
sfrt,mtitzw&m%a i -mb%z>£oiz. mmm 

*6 2sfc7*-F><y?fi*i: L"CZHW--jK«-^ 
1 8*>M*U; 0 . «8iE€fi^6 2 s 4fctt«StiKffitf 
ft^6 3s-C'#££ftl>mfiJffi. Vftti&tttfOfttc*? 

[0 04 1] 3 5^0-9 5 5 fciStt&flfcavhn- 
0, fcfcitf. : E-^yy^L/imS[ffiffi^6 2si3 t J: 

[ o o 4 2 1 <wc ±ia L^sfaax 1 1 i sctshj^ 

•r^y^U •>x-A-r-7';P4 5S:|g®lL'Cm^ 

(t fe^ifcffl ®xm 3 -7 x W\WOJJ5r<0»f€ffl{Ifcffl[ 
SStf, W«Ift3^I9fSg<»5EBB«rCllBBJ5*i. ff® 

$2 2, mmm23&i:vx?j7'm24{>®m® 

Ztll. 4fc, X^97lS»f2 4ftffELTV^ff£E» 
«21. tXhyo-y h'14b v trxh^l 4a. XV 
#2 0iR«*telHfrr4. 

[0043] I<0«W*»/5>, ^9y-ttWB«7 ltJi 

^m)3?a«^S8 1 36»^**ien^9 y- s Ljsjttf 

miB^E L$riimim2 0[*|Wtt*&yX/P2 0 at^t 
4k. ^^97Wf24^JD*»4>^9y-SL*J:V 

S*TBf»XR3««lf«IB3 a & ^i-AWOiif:i 
MS*, mffiWlBlffifl-CjfJEStf*. 4^c, ®B^jg 
6 1*jB»8-frT. 51^7*5^2 7 SriltTWai^ 3 
tV>f^O!H2S:9]jDt. D-^ys^a-f ^M5t 
atT^^57Wf2 4fc7 , 9^««ffl*WJirt*. 
[ 0 0 4 4 ] 8 S/ y 1 4 fe*£Ex7*« 

iai«0^EPA2c0^Tf6jCtXhyn.yKl4b 
S:TI^$-fr, x^?7*«*r2 4^TiBt , >x-AWfc:» 

M**v^i«atr*ttai4TfH»8«*. 
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[00451 zzt. 0 6{± * mmmnza^xm^ 

S^lflB&itftlWB?*^ 07liH6«>HCrt*> 
7fc*i-±5K. X7?7iW2 4tt*x--AWfc»lS 
ELSrtfLT. *fci±, BIS****- fcfcJ^KWi: 

fc, H8fciK+J:3fc» &MIIMTk8i]§Xji3(7>fffI§ 

Stiat, »*«4tt. ffi*XJl3fc*7?*»«2 
4 (CWK2 3) fcfllBfctfttl/C^***. «^«4£7) 

4frfciMifi4*tfl/tflMIft3tdttl**»i» f± 
Jiff*?* 1 ). X?97l»H24a»fe*li«4Srtl/C 

[0 046] £«>fc*. X?57»tf2 4*»feSMI* 
3 tatH4«8Bi , «&m8?$E L+^ffiSiR 1 

tlALTII««BaEEL4>t3l-»"CW»Ift3KaEM6 

[0 04 7] WfiKEL+WfSRRltt* »« 

k LT<0X?57**tf 2 4 k tttth UTWW»X*3 fc 

fcfc* < l/C*J< - k 1«MW«E L+WffiKR 1 
fce*L-Cffl»Xft3fciBtS«aii ««^»»=^*< 
£9 mSli 2*»**<*-'-Cs 

hmt tflMtt4 jftomssaissww^ ? - fc 

S*. 4fc. «8ti 2«***tt. ***7*b*J*tf 
ayha-55 5tJ:-5T?IWXR3tf5Z«* 

?<l^k LTZtt-f-**-? 1 8m®Zfi oZ t? 
wtchi . *fc > ffis^s 1 »Z»#rt«>fiHfifc*» 
gtettftlfgo. l jumfc-HHcflK, inxT> ±*i 2 



i, c k xnmtfmm s tt«fc-5£ton#s*i& - 

[0048] JSLttf) J ? fc. JJHftfoflW*** 1 14. 

#jg^m»?SE lka zwzm^xm&mtzm 

k± itf)WWf«i«fciii«« swift 

9 >j - s l izxmmc MPgi^wii 

$mi 14. X7'J-SL2rfflV^(«Xft3<7)Sl®ffl 
3 ac7)«lilW=5:ffek«f»5fettl^kO«^ffl^i-' 

•cwejnxsrff 3 - k i . ±ia«^^^a 1 

v*8Ml,-h>WIMi*fc*>* ffilgl£3c^x-MW 

[00491 OT. *SaBBBK«* W«B* 1 

-fex^affl bfci§££ MdBHW* . 
[ 0 0 5 0 ] 09(4. 

R 1 0 2 1 . k iB . BtfMt fCTE O S (tetraet 
hylorthosilicate) *ffl^T«ffiCVD (Chemical Vapo 
ur Deposition)at:J:0*JW*. HI 1^ 

ffl^l04^. fctitf, 4»107*hyV/97-{tt 
|ISt5j:t;x7fy^ffl^tl)£fS. «l 
ffl»l 0 4O»Sli. fcfcitf, 80 0nmgg-CS> 



[005 1] «V^T. 01 2fc*ti5fc» A*'J^1 
0 5*1HWMW1 0 20$®iSiV3y*9+* i - A ' 
10 3. fi«ffli«10 4rt{C»lRt6. 



:coA'J^13 
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0 512. fcfcitf. Ta, Ti, TaN, TiN^ffM 

D (Physical Vapor Deposition) atiO, fcfcx.(2\ 

1 5 nmSKWiWraEWW-*. ^'J-VJR3 0 512, BE 
*fcmt-4^#«SBeaRl 0 2Wzm&z>cn* 
R&jk**fcA, MfSH&mi 0 2 fcOSgtftt* 

mm l o 2 u a >ttfl«*> i 5 ffl{2i^ 
rn-fe^PRl-C*5. 

[0052] &vvc. lai 3c*ti5fc:. au-vri 

ftSS'-KMl 0 6£«9*;-W;?££J:9. fcki 
(2*. 1 SOnmgJSWHWC^jftt* (To** PR 
2) . v-KUl 0 6(2. £B£Eit£ffl?S:fcJ:tf3y:?? 

fc*>fc»jfrf*. &we. 01 4(cijcf £:?(;:. nv? 
^h*-;H 0 3*JJ:tflB«fflail 0 4 d 
fc, A'U^dl 0 5±(clB*»fe*4Amil 0 7£. £ 
t itf . 2 0 0 0 n mSKWiUrCJBjS'tS . &MI 1 

0 7(2. WM?*i£*fcttai«l!?.Xy* 

XfMLlXiiXW fcfc. S^-KKl 0 612&JSH1 0 

lt-MK$& Crn-fcXPR3> . 

[0 0 5 3] ZZX\ 01 5(2&JIJ£ll 0 7£;\'y^H 

1 0 5±l^^L^S?iS7 , o-feX^4'^^fl^McOBf 

in^awfflrc** .015 tos-*-* 3 c. &)gjBt 1 o 7 

««fflfctt» 3y^?h*-;n 0 3*$J:WBIMB»1 
0 4 VHWWWfcW:, £ i: £(2*. 6 0 0 n mgjg 
O*S<0Qflfl*%4LT^*. JSUiWQ-k.Xli. ft* 

(2. flRlttgK 1 0 2±te#fc*«<fe*ttr*«ll 1 0 7 
&XWWr*l 0 5<o»**ft*«Has»» , Wi*<. 

-te-Xfc^fc&oT. 01 &Jg|£l0 7tf) 

»3«BJKl 0 8£®j£-TS (7-a-bXPR4 ) . 

zwrnnem i o 8(2. i o 7 

(«) <nmM&mmfmm%mmm^ts:h 

[0054] TOMUR 1 0 8«JB«*ttJi. fcfc iff. 

&jgss i o icDmizmfcMzmixmmzBfSL-t 

ffl(CuO) *^iJ®|gl0 8fc^|,. ifc. ffi^^S 
£ LT. &JHI8I1 0 7<9f|ffi(;:. fcfcitf. tio*BL 

OVvffl^MMLTTOWMI? 1 0 8 b-fhZ t t>*m 



%SJKfii#<&KRl 0 7(c*TLTflK. tttttt&KtfJt 
[ 0 0 5 5 3 *«BH«We**Wi, &KR 1 0 

7<D&mzB&2tittMmm 1 o swzmimm 

#*4 (7o^PR5) . TOBSRl0 8aaBKtt& 
*X5y-SLfctt. «fc*«-ft»HBP-h*>Jftv*5 

-f. 9x-AW*Bf«igai«>'>x-M7 i -r/l<4 2lc 
f-A-y^^U WKMELfeilfc^y-SLfc^x 
-^w±Cffi|&U^ 5 ^[IHE-ri.i9f^Ifl:3fcJ;^7 
5 TfflW 2 4 £ Zitt-|6j(m$S *T * x w NWtSffll 

^->-C»»S*TBMHlllItfTd. »MI113" 

fc-?4 «MK2 3£75.*«i:LTs 

3 1 2 3 1 OlBfclt»'W<^«E ft EPJirr-5. . % 

AWJ:fctt»LT«>J:v\ 

[0 0 56] ii-C, H17J4±JEW««fc**^^9 

rsw 2 4 ftfite^Jt * w»r oHs^^js^war* 

0. H18ttflff»IJl3f>t3fifc:fc(tt»f»ro4EX*v 
tftJST**. 01 7fc*tJ:^t. Xi?57'g|5«2 
4#jg-C12. Hlft4«»K2 3<^PI«2 3b*»^9 
y-SLfeJ:^®»?SEL*W§ixT. 
fcil/SJSfSE Ltt^ 9 5 rS5« 2 4 SriiJS LTX^ 5 
^aW2 40^1B*»fe'>x-AW±ttt»8ii6. 

m o 7±K»«siifc^iMMi i o 8i2. wmE L 

o«8m-6 2«t-^Lfc«a«i, (S<3c^L/t:44 
02 5(2. *HM9B!BO«IW^5lf»rp-bX 

{c*jv^T*a»6 2"c*-^-Lfc«aa€«-0itstt 

^97-CS)4. 02 5(^-T««i[fficOgHj!&{iS#ig* { ± 
[00 57] ^^57Wf24<0EHKfcLfcj6«oT, 85 

(2". i^r^s-^^fe**w««»PT»iiigjw» 

1 0 7^OfiU09^flUHR 1 0 8£>&ttffiftCH> 
*S*lTVK. 018(C^TJ:o(C. m®X&3 
#ifiT'(2. Sf^xm3c7)lSM^*#ffl. ^*^(2. 

fsmkPTmtmmzftmizX'ix&mmi osns 

[0 0 58] dOipCLT. Jfcfcitr 01 

j: a ^sjk i o 7 c7)&m±.tzBmztitz^mm® 1 

0 8^'S^Wtl^SfT.I. t . TOMSK 1 0 8*>'3liRW 
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[0059] *hr i o 7 #aififc*art-* t . 

*XPR5) . ^6Dfc#^«i®£EL*)#fflt±, HI 8 
fc*t J: a (=, *«BK1 0 8jW**3ftfc»rc** 
&J5RH 1 0 7 «>fl»i. 1 0 7 £ffi)£-f 5§S#« 
IWfflfcJ:o-ClB>f3r>Cu + i:L-r«»«EL«t>t» 

fe- tfffifU itf)^**** e- 14. 01 7fcwL 
fci5fc, AW»10 7<0lili*»feWfi«EL*aot 
im 2 3 KSHi. JJEUfc«tt i 2 k • 

[0060] HLfci a t:. amu 0 7 

Mli TOHIK 1 0 8 fc)t*t WRIHfcWIK 

mmvm (&rki o 70^^*^^©^^^ 

Tffl-ftaWW¥t6. -OkS. H2 5W3Vvt. Pit' 
^■T i 0 fc. ±iaw«8gff-6 2<0*-* Ur*S«±i: 
*Uit*>*. iflidfcflMflfcJ:-^ &EH10 7 

[00611 JJE^fflfci^T. £l«10 7«)ei* 

srrufcAiwi o7^wi. tztt&. 02 ok* 
i-i a c, &JB§i 1 0 7<oiHffl'c*^fc»afca*p*"* 
*«§ng 1 0 s t mm 1 0 7 »fls«^i^ 

[0 0 6 2] »vt. H21^t<t3^ 
fflttPTfcJ: Ofif^l»««WI^*k«»?«ELt e kl. 
PR7) . ,L<0k£, «R!pr6^«llK10 8<0li«« 
MIR 1 0 8*«tt!Wteflf»**t* * * « iWiWWfe 

^B^SftfclSjfii'CASUI 1 0 7 **Jfc*-*IB*>*ffl 
HI******. iftkFWfc, «BH-6 2T«-^- 
Lfc«8Bi, H25fc*JV^Pl«fi«^-t»^ 
SSffili, ^«!lBi0 8«)tt*t:ft-5T±*UJfe«. « 

:^Wnt^:i^« &Jg]Bll 0 7<o»)*iJ 
fUbti^Tt i> . 



[0063] J: 9 fc, ^aBBB^WWHflW 

[0064] JJWASW 1 0 7 <0«P1t£ffii§«r 
LT ^ft*WR 1 0 7 atfflfcfcSft.* k . ® 2 2 fcw 

8) . £Ok£. msriH-6 0 

2 5 CD P 2 -C5j*taWR 1 0 7 ±«^W* 1 
KXm*MZ#&ZV**&*t t >* H2 5CDP3T 

h.WTmiOStfnW&t* fcfcitf. Ta, T 
i TaN TiNIPWtm^ttfflL*:*^^ * W 

u r« i o stoUffl^BiBW* p 3t'7K-tfBf^* > 'o«Ba 

H-6 2-C J E-^~Ufe«ett* f fiTU±trt6. C^tt 
ffiit'{±. ^SUl 0 7 ttfra^oifllRtfRBtttftt 
'•C**)l i<0«!IT5lf«llllX^-fiffjti-4. 
im<0ff±tt. H2 5 WP 4 -C^t J: 3 fc««tt*WS 

[oo6 5]#wt\ ^yr«io5*»*'r« (rn 

ew-K0av^9U-SL-«ift<. Ta, TaN. 

t i t i momfrt>mztiW) rm 1 o 5 1 

^L-C9f«U-b* i i«<^ A8W10 7fc»tTBttl/ 

jg 1 0 5 t&m 1 0 i<mmv- vmsaw-cz s 

[006 6] *-A-#'J-y5/atJ:ftf 
X^yrK10 5OBf«»*tfTa. 4fc> Sf^Xft3 

t Jsiv /<yr«io5*H*t*i:*iraie«Ri 

0 2*^ffi(^nai-ri> i k* 1 ^. w«aw«4^s < 

ftxT. ±»0jiam6 3teJ:->TX^?r»«24i: 

flfglgr 3 k cos t€^Sts;^ ^ - ^ -"t * . 

[0067] ><y7Rl 0 5*H!*t*fc. @23^/P 
-Tiot. lIBBIBBl0 2*«i8fclWl't* <ro* 
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*pi o) . mmtmmio2ti i ®fti'Z>t. 023c 

•f&tz£><7)£mmi 0 7^>AUTK1 0 53&*Sr^fcft. 

0 2<DSaigI5^T'<7)«»#ffl^#±1-S. C<0kK ® 

me 3iz£^x*-f-LKwm&imzmuu*t 

[0068] zzx\ &mmio7cmfrt&mtrt 
urmi 0 5tf)»aj»»kflDiarr. jjeuamri 0 

m 1 0 8*>tt 0 On* U 7JB 1 0 5 * URfflKWKk^ 
k LT . &JNR 1 0 7*>»SS»*^aWj*<0£+# 

fc^ <ommmz&mmi oKmt&ftimm&zti 

h . WWrtUUaffjI: LfcOfl-fcli, BWIM 3 k X 5 U 
- S L fc J: l.tgU!iW^ilSH^*^ffl^^±ftW(Ci!l 
<. 

coo 69] tzbx\ ®%v>\t¥mm®x'\t. *v 

7® 1 0 5 J; 1 0 7 OlRttitH 1 0 2 fc*f 

+Mff»l'-l*aHRJt£ , C* <U *<0U- 

Hlfcv-J^k L-tMBftttMl 0 20±ffl<^li£» 
aHMKLJSkLTHft. icT)^. &EJ110 7CD 
r<r vJ^tt»ft&ftfc^«j8k*o-o>6. 

JWl0 7<0l»**4-»Ttt*V>*^t,«t"f4. 
fc*>. AIJ7K1 0 5£J:tf&KKl 0 7^ffHH&KM 

1 o 2<o±mca#Lfc«iB'c»*ryr->K!; 7 
fcBKfcAfctt. lst**<9ffiiW3-#o*-A-;Ky 

■caw*. inttiURi 0 2±te»*Ai;r«i 05. 

** Wi. «RR 1 0 70B#&#fc{i«lS?ftWIl< 

■r kTMBWfcs mmwm 1 0 2*>isaj*#0» 

[00 70] JJEWidfcLT, fckitf, Ta, Ta 
N.Ti,Ti NflWHWfrfeJ^Silfcy'C'JTill 0 
5 S^fcH*-*-* - k # 6 k k t 

K-fiikj&fTS*. 4fc, ijCU^Urill 05co 
Bfcirn-feAT'te. tgftntaHSfcttBK , ftMKgft&e 

<i»ii-ftik"ciii3a«tta<*4* t . 

t^~t£m<mm<mm^%h&m&\ o 7# 
^mta. a y tk i o 5 Ji&JSiBS 1 o 7 chats 

*vfc*>Ay 7f& 1 0 5«I»S JlSfWi/hS < , zwu 
■bXlZ&^X^yV* • aMb-jfck LTtr-f y 

ia-s; 3 y«ie*Mtttassc& sestet 



utmtcffiBFnsr&u. tRNmswcfti^'-craft 

^SWffl^tMlBSnfcli^JllITftSfcft. TOLL*: 
»Hiltt r '* - >*"#4*5r < Ifmt: fcT»*iBSr#* - k 

[007 1 ] &Wt\ JSSiff-6 3"C J E-^-Ufc«»fi 

A^TL^^Tv\'«J rm 1 0 5 fcRfc***7'tHr.*& 
*71-* (To-fcXPRl 1 ) . 3>M3-5 5 5tt* 

mfitffiofi^ flBf l t . mmmm 1 <z*iimis*#jI: 
3**. mtoTzmT-t&miz. mmmzn 

MLt:&&<7)VmX\ Bf*Ift3*'>xw\w«aBifc 
«NB3-e-f. 10 0*imegth*jiJI3-fr4i 

kt\ W*«BHMifT;M\ M¥flUH*>»fcJ:*r*- 

^7U-o*Bf*»j«"r*;k3&*T'*4. ififcio. 

H2 3fc5rrj:3fc:. JII8N&RK1 0 2<f£l*S!ftl 0 

9*3J:t^3y^? h l l 0*WWCifS?ns. 
[0 07 2] &wc\ IE&1 0 9fcJ;tf3y??M 1 
0 jWB*3 ftfc¥W»S«fc*f LT 7 5 v ^ > ^Srff d 
(7*D-feXPR12) . Z.0)79vis>r7xH£Atti. 
EMl0 9t5£V3>f?hl 1 0jWft«3*lfcfiL < 

fc, WSXft3(w7*7Xcr)^V^mE$rErJ8nb, t&icft 

^JSJ^l 0 7*iBfc«ttl«fc«l!LT«l*»IIWaf*L 

HI 0 7 & ffl£?£ffl««1B(31ft-*-* i k li*< . m 
2 3fc^Ufcidfc» BWkL-rwSffaiAS^IHfi: 
UT Jfcolnifc: W*-*-* . S ^ tc . JEfcflW Lfc 

a— r ^ ?fn>w&k ixnmmTmsommizmz'g 
*4>*L*fc«>. iH^aHtassw* ikti*^. 

3>»feHi*'t*ik36 t r&4. 4fc. flran»PT#flfc 
^1 LfcX 7 y - S L ^rffiffl Lfc«^fc *> H«teBi*T' 

««Ml3&«****. *HJfe^HST{i, ^Sf^SE&PT 

A. y'J*, IMfcy^v-'>A$rk'S:«ffiLfc*&fci 
[0073] JJLhWi 9 fc. *HSfe^*Stffi4^«^ 



r 
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t£**mu o 8***u «ii o 7«we* 

JBR 1 0 8 7 k l/C*1fifc*tt LfcAM* 1 0 7 

6 ifc %jJHHlfl* c i t diftSW5:*«'» 107,i * m 

|ji£3*l*fc*>» a«<0CMP{dt^-CJi6*HC»«» 
^SrAIWl 0 7 ****** . 

*[oo74i zk. ^mmm^^mmm 
i o 5*«iatfc"*ja^ swfcffjtu 

1 0 5 *W8fclt*C* . *-><#y f 
£P*.3>.Ika 5 "e#6. 

m^ztuf. mmmmtwm&miz^xa 

Bwyt-vitiKftz tire**. 
[0076] ±atfcwwwctt, ±m<mmi. 

[0 0 7 7] ±ifitfc*WWII"rtt^ 

^y-sLtffl^Tc, wmELMtmatmmi. 

[ 0 0 7 8 ] J^LfcadttW"^ W»I»3 

kmS&«2 3k<0[f£^£€affi£*-*- u 

«c**vc^y*Ri o 5m\athtx'<ommrv 



W«I*3i:««2 3l:«>B«««S 

[0 079] fflBWl 



^»H24t*i.fcil«R2 3i:t:J:oTff-5fc. 02 

, 4 * ^ I _yNr-^4 0 2OT^P-^U-^3^ 
[0080]^M1. 

nwcwtfc y r- 5 o 4 fc i t-c V, 

£ ffi«lJ*5 0 1 (Ctt. OTttfcftfc* * k k 
y ^yy/5 04fct»«tt*»fc** BWIft5 

oicti±^tfc^iS^kl a l«^»^ t1&€tl> - * 

fc y ^_ i .yy/5 04tt^x-AW(C«lRSilfc 

±iE^yrJWs»4'cav«t6. 

»«t fewto-^ y s> 3 a v v 5 o 3 ttim 

x.y^^-cyr-^y^5 o4<owsia±«iwa 

<^^XA501kyr-^^504^ 
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